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单壁AlAs(111)纳米管结构和电子性质的密度泛函理论研究
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Abstract: A series of AlAs nanotubes (NTs) can be formed by rolling up two dimensional periodic (111) single
layer sheets, namely (n,0) and (n,m) nanotubes. Optimized parameters of the atomic arrangement, energy levels
and electronic structure of corresponding nanotubes of different types were calculated and compared by the
density functional theory (DFT) method. The calculated results showed that strain energies (Es) are negative
over most of the diameter range for the (n,0) and (n,m) series, indicating that these NTs are more stable than
a planar AlAs(111) single layer. The strain energy gradually decreases with increasing diameter. The calculated
electronic band structures and density of states profiles reveal that the indirect band gaps (Eg) of armchair AlAs
nanotubes gradually decreases with increasing diameter, which is distinct behavior from the zigzag nanotubes.
The zigzagAlAs nanotubes feature a direct Eg with a peak value (2.11 eV) for a tube of radius 1.87 nm. The origin
of the differences in band gaps could be attributed to the p－p coupling interaction between Al 3p orbitals in the
conduction band of the AlAs zigzag nanotube.









































和a2为单层结构平面单胞基矢，优化后|a1| = |a2| =
0.4004 nm，Al―As之间平均键长为0.2365 nm。砷
化铝纳米管表示方法类似碳纳米管，用手性矢量

















设置为 1 × 10－ 4 eV∙atom－ 1和 0.1 eV∙nm－ 1。采用
Bader电荷布局分析Al和As的带电情况 18。为了比
较纳米管的稳定性，定义应变能Estrain：
Estrain = Etube － Esheet
Etube为纳米管优化后平衡构型平均到每个AlAs单元
图1 砷化铝(111)单层及锯齿型(8,0) (a)和椅型(6,6) (b)结构
Fig.1 AlAs(111) single layer sheet and zigzag (8,0) (a), armchair (6,6) (b) nanotubes
Pink and grey spheres indicate Al and As atoms, respectively. color online
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选取了(n,0)纳米管(n = 8－26)以及(n,m)纳米管(n =

















































































































































































































Fig.2 Relationships between strain energy (Estrain) and
diameter of two types of AlAs(111) nanotubes
图3 不同类型AlAs(111)纳米管带隙(Egap)和
管径的关系示意图
Fig.3 Relationships between band gap (Egap) and
diameter of different AlAs(111) nanotubes
图4 AlAs纳米管的电子能带结构和相应的分态密度(PDOS)图
Fig.4 Electronic band structures and projected density of states (PDOS) of AlAs nanotube
(a) zigzag (8,0), (b) armchair (6,6), (c) zigzag (14,0), (d) armchair (12,12)
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图5 (8,0) (a, b)和(14,0) (c, d)的价带底(a, c)和导带顶(b, d)
的电荷密度分布图
Fig.5 Plots of the charge density distribution along
valence band (VB) (a, c) and conduction band (CB) (b, d)
of (8,0) (a, b) and (14,0) (c, d)
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